We have produced an interacting quantum degenerate Fermi gas of atoms composed of two spin-states of magnetically trapped 40 K. The relative Fermi energies are adjusted by controlling the population in each spin-state. Measurements of the thermodynamics reveal the resulting imbalance in the mean energy per particle between the two species, which is as large as a factor of 1.4 at our lowest temperature. This imbalance of energy comes from a suppression of collisions between atoms in the gas due to the Pauli exclusion principle. Through measurements of the thermal relaxation rate we have directly observed this Pauli blocking as a factor of two reduction in the effective collision cross-section in the quantum degenerate regime.
The experimental realization of a quantum degenerate Fermi gas of atoms [1] introduces a novel tool for the study of quantum phenomena. The initial work, which extended the evaporative cooling and magnetic trapping techniques used for atomic Bose-Einstein condensation, produced a nearly ideal Fermi gas. Although the lack of interparticle interactions makes theoretical interpretation straightforward and may facilitate precision measurements [2] , a richer spectrum of phenomena can arise in a dilute, interacting system. Predicted phenomena for an interacting atomic Fermi gas include zero sound [3] , suppression of elastic and inelastic collisions [4, 5] , component separation [6] , and the prospect of a paired state at low temperature [6, 7] , similar to Bardeen-Cooper-Schrieffer (BCS) superconductivity. Furthermore, unique opportunities exist for investigation of interaction physics in the atomic system via techniques that have been established for fundamental control over atomic interactions [8] . In this Letter we present measurements of the equilibrium thermodynamic properties and collisional dynamics of an interacting Fermi gas composed of 40 K atoms in two spin-states.
Producing a two-component Fermi gas, where both species are quantum degenerate, builds on the earlier experimental procedure [1] . Fermionic atoms are magnetically trapped in two spin-states (magnetic sub-levels m f =9/2 and m f =7/2 in the 40 K f = 9/2 hyperfine ground state) to allow the s-wave collisions necessary for rethermalization during evaporative cooling [9] . At low temperature, this mixture of spin-states is stable against spin relaxation and m f =9/2 and m f =7/2 atoms can only collide with each other [4] . Previously, the last stage of evaporation slowly removed the m f =7/2 atoms to sympathetically cool the remaining m f =9/2 atoms into the quantum degenerate regime. This last stage was eliminated by improving the simultaneous evaporation of the two spin-state mixture so that an equal mixture can now be cooled to T /T F ≈ 0.25, where T is the temperature and T F the Fermi temperature. Improvements include increased stability of the magnetic trapping field, elimination of atoms in spin-states other than m f =9/2 and m f =7/2, and increased microwave power for the evaporative knife. A technique has also been implemented to simultaneously image both components in order to extract information about the interacting gas. During the 10 ms expansion of the gas after release from the magnetic trap, a Stern-Gerlach magnetic field with an 80 gauss/cm gradient is applied to spatially separate atoms in the two spin-states [10] . Each component is then resolved separately in absorption images [11] (see inset in Fig. 1 ).
The emergence of quantum degeneracy is observed through measurements of the equilibrium thermodynamic properties [1] of the two-component gas. In the quantum degenerate regime (T /T F < ∼ 1), the average energy per particle E rises above the classical expectation 
where ω = (ω 2 r ω z ) 1/3 is the geometric mean of the harmonic trap frequencies [15] . In the thermodynamics for this less balanced spin mixture, again both components reach quantum degeneracy.
For both mixtures, the thermodynamic data agree well with the ideal gas theory prediction; this indicates that the mean-field energy due to inter-particle interactions in the gas must be small compared to the kinetic and potential energy. For Bose-Einstein condensates (BEC) with similar number, temperature, and scattering lengths, the mean field is quite significant. However, the influence of the mean field for a Fermi gas is drastically reduced because the Fermi gas always has higher energy and lower density than a Bose-Einstein condensate. In fact, for our range of experimental conditions
is the interaction (mean field) energy per particle [16] .
Also apparent in Fig. 1 of the m f =7/2 component is shown in Fig. 3 . The cross-dimensional relaxation rate can be used to obtain the elastic collision cross-section [9, 17] . One can define an effective collision cross-section σ eff that encapsulates the total effect of Pauli blocking on collisions independent of changes in the density and temperature of the gas. The value of σ eff is predicted to vary from 0 at T =0 to the s-wave cross-section σ = 4πa 2 in the classical regime [18] , where a is the s-wave triplet scattering length. , where η is the equilibrium ratio E 9/2 /E 7/2 , and A is a constant similar to α. We have used a classical kinetic theory calculation [20] to determine that α = A = 0.75.
In the classical regime, the measured value of σ eff agrees, within the factor of two systematic uncertainty in atom number, with the best known value of the scattering length for 40 K a = 169a 0 [21] , where a 0 is the Bohr radius. The effective cross-section drops by a factor of two at T /T F, 9/2 = 0.2. Within our uncertainty, the observed size of the Pauli blocking effect agrees with the theoretical value of σ eff from a quantum kinetic calculation [22] shown in Fig. 4 . In the calculation, the reduction in σ eff represents the effect of Pauli blocking averaged over all possible initial and final colliding atom states.
In conclusion, we have cooled an interacting Fermi gas of atoms to one-fifth of the Fermi temperature. At these low temperatures, we have observed strong effects of the quantum statistics on the thermodynamics and collisional dynamics of the gas. Pauli blocking is predicted to cause other modifications in the behavior of the gas including changes in the frequency and damping rate of shape oscillations [16, 23, 24] and the dipole "scissors-mode" [25] as well as suppression of light scattering [4, 26] . In addition, future investigation into the possibility of a paired state BCS-type phase in the atomic Fermi gas will almost certainly require a two-component degenerate system. Realizing this new phase will also require control over the sign and strength of the interactions, which may be possible in 40 K via a predicted Feshbach resonance [27] . Holland.
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[14] The correction factor is measured across the range of temperatures used in this experiment and is consistent with a classical calculation describing the individual trajectories of atoms experienced during the expansion.
[15] The two spin-states have different magnetic moments and therefore experience slightly 
